CROSS FERTILIZATION IN SEA URCHIN EGGS TREATED WITH EGG WATER by OSANAI KENZI & KYOZUKA KEI-ICHIRO
CROSS FERTILIZATION IN SEA URCHIN EGGS TREATED
WITH EGG WATER
著者 OSANAI KENZI, KYOZUKA KEI-ICHIRO
journal or
publication title
The bulletin of the Marine Biological Station






BULL. MAR. BroL. ST. AsAl'.rusm, ToHOKU UNIV., VoL. 16, No. 3, 189-198, 1979 
CROSS FERTILIZATION IN SEA URCHIN EGGS TREATED 
WITH EGG W ATER1> 
KENZI 0SANAI AND KEI-ICHIRO KYOZUKA2> 
Mari,ne Biological Station, T()hoku University, 
Asamushi, Aomori 039-34, Japan 
In reciprocal crossings between Hemicentrotus pulcherrimus and Glyptocidaris 
crenularis the intact eggs enveloped by the vitelline layer were hardly fertilized 
with heterologous sperm. Glyptocidaris eggs were scarcely fertilized with 
Hemicentrotus sperm even in sea water containing Hemicentrotus egg water, while 
the heterospermic fertilization of Hemicentrotus eggs improved when they were 
inseminated with Glyptocidaris sperm in Glyptocidaris egg water. The 
presence of Glyptocidaris egg· water in insemination media was not necessary for 
improving cross fertilization. By the pretreatment with Glyptocidaris egg water 
Hemicentrotus eggs came to allow the penetration of Glyptocidari8 spermatozoa. 
The percentages of cross fertilization increased with increasing time of egg water-
treatment. The egg water-treated Hemicentrotus eggs framed the tight membranes 
after being. fertilized by Glyptocidaris spermatozoa. These findings suggest 
that the egg water promotes the cross fertilization not through inducing the 
acrosome reaction of spermatozoa, but through modifying the surface structure 
of eggs. The Glyptocidaris egg water is considered to act on the vitelline layer of 
Hemicentrotus eggs and to remove or inactivate the barrier preventing heterologous 
spermatozoa. 
INTRODUCTION 
Only a few or none of intact eggs were fertilized by heterologous sperm in 
the reciprocal crossings between Hemicentrotus pulcherrimus and Gl!yptooidaris 
orenularis. The eggs became fertilizable with heterologous sperm after being 
treated with proteases, which seemed to destroy the vitelline layer of the eggs 
(OsANAI 1972, 1973). The percentages of fertilization of the protease-treated eggs 
were lower both in homospermic and heterospermic combinations than that of 
homologous fertilization of the intact eggs. This may show that some factors 
necessary for fertilization are removed from the eggs by protease-treatment. The 
authors found previously that the cross fertilization of pancreatin-treated eggs 
was improved by treating sperm with egg water. When the intact and pancreatin-
treated eggs of Hemicentrotus were inseminated with Gl!yptooidaris sperm whose 
acrosome reaction was artificially induced by being exposed to homologous egg 
water, the percentage of cross fertilization increased remarkably in the pancreatin-
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treated eggs, but did not in the intact eggs enveloped with the vitelliue layer 
(OSANAI and KYOZUKA 1977). This fact shows that the intact eggs do not allow 
the penetration of heterologous spermatozoa even if the latter performed acrosome 
reaction. On. the other hand, intact eggs became fertilizable to heterologous 
spermatozoa m the presence of egg water homologous to sperm in the cross 
combinations between Psammechinus microtuberculatus, Sphareehinus granularis or 
Paracentrotus lividus eggs and Arbacia !Wula sperm, (ELSTER 1935, HULTIN 1948, 
HARDING and HARDING 1952) and between Hemicentrotus pulcherrimus eggs and 
Pseudocentrotus depressus sperm (AKETA and 0HTA 1977). If egg water improved 
cross fertilization because of its induction of sperm acrosome reaction, the intact 
Hemicentrotus eggs should be fertilized by Glyptocidaris spermatozoa pretreated 
with Glyptocidaris egg water. Therefore, the cross-fertilization-promoting effect of 
Arbacia and Pscudocentrotus egg water may be attributed not to an acrosome 
reaction-inducing activity, but to direct influence on eggs. To analyze the roles 
of egg water on the promotion of cross fertilization, it was examined whether 
fertilization would be improved by egg water also in the combination of Hemicentrotus 
and Glyptocidaris. 
MATERIAL and METHOD 
The gametes were obtained from the sea urchins, H emicentrotus pulcherrimus 
~~d Glyptocidaris crenularis collected at Asamushi, Aomori. Eggs were shed by 
lllJectmg 0.5 M KOl (pH. 8) into the intracoelomic cavity and used after washing 
with filtrated natural sea water. Sperm were collected "dry" from dissected testes 
and stored undiluted in the refrigerator till use. 
. Egg water was prepared with the following procedures; the eggs were suspended 
m about four-fold volumes of sea water for about 2 hours at room temperature 
{12-14°0) or overnight in the refrigerator (4-5°0) and then sedimented with hand 
centrifuge. The supernatant was filtrated through paper filter (Toyoroshi No. 2) 
and the filtrate was stocked as egg water, which was diluted with sea water 
before use. 
. The experiments. were carried out at room temperature, 8-15°0. Egg suspen-
SIOns (egg concentratiOn 1-2% vfv) were inseminated by adding small amounts of 
diluted sperm suspension. Final concentrations of sperm were 10-'-10-• of dr 
sperm in dilution. The numbers of spermatozoa in 10-a sperm suspension we:O 
about 2.6X 108 per ml in Hemicentrotus and about 4.5 X 10' per ml in Glyptocidaris. 
Elevation of the fertilization membrane and formation of the hyaline layer were 
used as the criteria of fertilization. Aster formation and cleavage were used also 
as the additional criteria in some cases. 
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EXPERIMENT AND RESULT 
1. Cross fertilization between Glyptocidaris eggs and Hemicentrotus sperm in 
H emicentrotus egg water. 
The intact Glyptocidaris eggs, which were surrounded by the jelly coat and the 
vitelliue layer, were suspended in sea water containing Hemicentrotus egg water 
(egg water concentration 1/5 in dilution) and then added with Hemicentrotus sperm 
suspension. The majority of the spermatozoa attached on the jelly coat. Some of 
them could arrive at the vitelliue layer. The percentage of the fertilized eggs was 
as low as that in the absence of additional egg water. Glyptocidaris eggs were fer-
tilized in normal percent with homologous sperm independently in the presence or 
absence of Hemicentrotus egg water (Table 1). This result shows that the cross 
fertilization of Glyptocidaris eggs and Hemicentrotus sperm is not improved in 
Hemicentrotus egg water, which does not inhibit either the homologous fertilization 
of Glyptocidaris eggs. 
Table I. 




Insemination Dilution I Observation Fertilization 
of Eggs Medium of Sperm T1me. aft~r (%) InsemmatiOn 
DC· I G. crenularis 
I 
Sea Water 10_, 80 min, 99.5 
1/5 Egg Water 100 
H. pulcherrimus Sea Water 0 
l/5 Egg Water 0.5 
DC· II G. crenularis Sea Water 1o-• 15 brs. 100 
1/5 Egg Water 100 
H. pulcherrimus Sea Water 1o-' 2.0 
1/5 Egg Water 3.7 
DC· III G. crenularis Sea Water I 10-' 15 brs. 100 
1/5 Egg Water 100 
H. pulcherrimus Sea Water 10.0 
1/5 Egg Water ( 11.9 
When Hemicentrotus sperm were added to 1/5 Hemicentrotus egg water used in 
the above experiments, they aggregated forming large clots and agglutinated on each 
other's head. The egg water solution seemed to be sufficiently active for inducing 
acrosome reaction of homologous spermatozoa. Therefore, the Hemicentrotus 
spermatozoa did not seem to be able to fertilize the intact Glyptocidaris eggs 
though they performed acrosome reaction. 
2. Crossing between H emicentrotus eggs and Glyptocidaris sperm in Glyptocidaris 
egg water. 
The intact Glyptocidaris eggs were suspended in H emicentrotus egg water 
diluted with sea water to 1/3 or 1/5 and then inseminated with homologous or 
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heterologous sperm. The eggs inseminated with homologous sperm formed the 
fertilization membrane in almost 100 percent a few minutes after insemination. 
In the heterospermic combination no sign of fer tilization was observed in most 
: ggs several minutes after inseminat ion, but the numbers of fertilized eggs 
mcreased gradually with the time after insemination (Tables 3, 4). There were no 
differences in fertilization between inseminations in sea water and in egg water at 3.5 
hours after insemination, while the percentages of fertilization in egg water were 
larger t han those in sea wat er at about 20 hours after inseminat ion (Table 3). 
Table 2. 




Insemination I Dilution 1: ~bservaf~ion I Fertilizat ion 
Sperm Medium · of Sperm Jme a er (o/c ) 








1/5 Egg Water 
Sea Water 
l /5 Egg Water 
Sea Water 
1/5 Egg Wat er 
Sea Water 
l /5 Egg Water 
Sea Water 
1/5 Egg Water 
Sea Water 
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1/5 Egg Water 
Sea water 
1/5 Egg Water 
Sea Wat er 
1/5 Egg Water 
Sea Water 
1/3 Egg Water 
Sea Water 





































* Parenthesized numbers show times after insemination when fertilization 
was scored. 
Sperm dilution 10- 3, room temperature 12- 15°C. 
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Table 4. 
Fertilization of Jlemicentmtus eggs in Glyptocidct·ris egg water. 
T ime after insemination 
2 hrs 20 min 
3 hrs 20 min 
22 hrs 










The H. pulcherrimus eggs were inseminated with G. crenularis sperm 
in G. crenularis egg water (diluted to 1/5). Sperm dilution 10-', room 
temperature l4°C. 
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The Hemicent1·otus eggs fertilized by Glyptocidaris spermatozoa in Glyptociclaris 
egg water were inhibited in fertilization membrane elevation, tending to form the 
tight membranes (Fig. l c, d, Fig. 2). When the eggs were inseminated in ordinary 
sea water with Glyptocicla.ris sperm, only a few eggs were fertilized, but the fertilized 
eggs elevated highly the smooth membranes (Fig. lb). The eggs fertilized with 
homologous spermatozoa in egg water were somewhat inhibited in forming 
fertilization membrane, elevating the irregular membranes (Fig. la). This 
- -• 
Fig. l. Fertilization membrane formation a.nd development in Hemicentrotus eggs placed 
in Glyptocidaris egg water solu tion. The eggs were suspended in 1/5 Glyptocidaris 
egg water and then inseminated with Hernicentrotus sperm (a) or Glyptocida1·is sperm (c, d ). 
As a control (b) eggs were inseminated with Glyptocidaris sperm in ordinary sea water. 
16 hours after insemination. Room temperature 10- 14°C. X 165 
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Fig. 2. De:elo~ment of H emicentt·otus eggs fertilized by Glyptocidal'is spermatozoa in 1/5 
Glyptoctdans egg water . 16 hours afte r insemination. Sperm concent rat ion 10- 3 dry 
sperm. Room t emperat ure 10- 14°C. x 330 
regressive membrane formation may be attributed to a structural modification of 
the vitelline layer, one of the precursors of the fertilization membrane. About 
16 hours after insemination the Hemicentrotus eggs fertilized by homologous 
spermatozoa developed to blastulae even in Glyptocidaris egg water, while the 
hybrid embryos in egg \Vater were at various stages from uncleaved eggs to 
blastulae (Fig. 2). The difference in developmental stage seems to show that the 
eggs were fertilized at various intervals of time after insemination. 
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Heterospermic fertilization depended also on concentrations of sperm and egg 
water (Table 1, Fig. 3). The Hemicent1·otus eggs were placed in Glyptocidaris egg 
water solution in which they were inseminated with Glyptocidaris sperm and allowed 
to be fer tilized and to develop without the removal of excess spermatozoa. The 
percentages of the fertilized eggs at 6 hours and at 19 hours after insemination 
increased with increasing egg water concentration (Fig. 3). 
3. Effect of egg water-pret1-ecdment on cross fertilization . 
It has been ]mown that Glyptocida1·is spermatozoa exposed previously to 
homologous egg water were able to penetrate into the pancreatin-treated 
Hemicentrotus eggs, but unable to fertilize the vitelline layer-intact eggs (OsANAI 
and KvozuKA 1977). The intact eggs placed in Glyptocidaris egg water became 
fertilizable with Glyptociclaris spermatozoa. These results suggest a possibility 
that the egg water would not only induce sperm acrosome reaction, but also reduce 
an egg activity preventing heterologous spermatozoa. To make it clear whether 
the egg water may influence directly on the eggs, the effects of egg water-pretreat-
ment on eggs were examined. 
The H emicentrotus eggs were exposed to Glyptocidw·is egg water for various 
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Fig. 3. Cross fertilization and concentration of egg water. Hemicentrotus eggs were 
inseminated with Glyptocidaris sperm in various concentrations of Glyptocidaris egg 
wa.ter . Fertilization was scored at 6 hours (a) and at 19 hou rs (b) after insemination. 
Sperm concentration 5 X 10- • dry sperm. Room temperature 8-l4°C. 
F ig. 4. Effect of pretreatment with egg water on cross fertilization. Ilernicentrotus eggs 
were exposed to sea water (a) or 1/2 Glyptocidaris egg water (b), and then transferred 
to fresh sea water, in which they were inseminated with Glyptocidaris sperm. Fcrtili'l.a· 
t ion was scored 3.5-6.5 hom·s after insemination. Sperm concentrat ion 5 X lO- ·• clr~· 
sperm. Room temperature 15-l7°C 
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with Glyptocidaris sperm. The percentage of fertilization tended to increase with 
increasing time of egg water-pretreatment (Fig. 4). 
The eggs were divided into two groups after egg water-treatment. The one 
group was inseminated in ordinary sea water and the other in fresh egg water. No 
difference was observed in fertilization between these groups. This result indicates 
that the eggs were influenced during the pretreatment with egg water and that 
the presence of egg water in insemination media is not required for improving the 
cross fertilization (Table 5). 
Table 5. 
Fertilization of Hemicentrotus eggs pre-treated with 
Glyptocidaris egg water. 
Pre-treatment, Insemination Observation time Fertilization 
hours in egg water medium after insemination (%) 
0 Sea Water 2! hrs 8.0 
3 Sea Water 18 hrs 52.6 
Egg Water 53.6 
24 Sea Water 19 hrs 99.0 
Egg Water 97.1 
. The H. pulcherrimus eggs were pre-treated with G. crenularis egg water 
(dtluted to 1/5) and then inseminated with H. pulcherrimus sperm in sea 
water or in egg water. Sperm dilution 10-3, room temperature 12-l5°C. 
Table 6. 
Fertilization of Hemicentrotus eggs pre-treated with Glyptocidaris 
egg water and inseminated with Glyptoicaris sperm 
Time after insemination (hours) 2 19 
Fertilization (%) 24.0 99.0 
The H. pulcherrimus eggs were pre-treated for 24 hours 
in 1/5 G. crenularis egg water and then inseminated in sea 
water. Fertilization membrane formation and mitotic chan-
ge as criteria of fertilization were observed 2 hours and 19 
hours after insemination. Sperm dilution 10-a, room tem-
perature 12-15°C. 
There is a possibility, however, that the effect of egg water-pretreatment is 
strengthened after being transferred into ordinary sea water. The Hemicentrotus 
eggs were exposed to Glyptocidaris egg water for 24 hours and then returned to 
ordinary sea water, in which they were inseminated with Glryptocidaris sperm 
and observed at 2 hours and at 19 hours after insemination. The percentage of the 
fertilized eggs was higher in 19 hour-score than that in 2 hour-score (Table 6). 
This result seems to show that a change of eggs initiated in egg water proceeds also 
in sea water into which the pretreated eggs are transferred, or that it takes long 
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time for the penetration of spermatozoa because of the partial loss of the barrier 
against heterologous spermatozoa. 
DISCUSSION 
The intact Hemicentrotus eggs were hardly fertilized with Glyptocidaris sperm, 
while they become fertilizable in sea water containing Glyptocidaris egg water. 
The percentage of cross' fertilization increased with increasing time spent after 
insemination. The time lag of fertilization seems to show that the eggs became 
fertilizable after being exposed to egg water for a considerable long time. 
The acrosome reaction of spermatozoa is said to be indispensable for fertiliza-
tion in sea urchin eggs (TAKAHASHI and SUGIYAMA 1973, KIMURA-FURUKAWA et 
al. 1978). In the crossing between H<Jmicentrotus eggs and Glyptocidaris sperm 
the pancreatin-treated eggs were improved in fertilization by being inseminated with 
spermatozoa previously treated with Glyptocidaris egg water to evoke acrosome 
reaction, but the vitelline layer-intact eggs were not fertilized even with those 
spermatozoa (OSANAI and KYOZUKA 1977). These results show that Glryptocidaris 
spermatozoa can not penetrate through the vitelline layer of the H<Jmicentrotus 
egg though the reaction of their acrosome is induced. Therefore, the promotion of 
cross fertilization in the H<Jmicentrotus eggs exposed to Glyptocidaris egg water is 
considered to be attributed not to the acrosome reaction-inducing activity of the 
egg water. The Hemicentrotus eggs pretreated with Glyptocidaris egg water could 
be fertilized in ordinary sea water by intact Glyptocidaris spermatozoa. These show 
that the egg water did not act on the spermatozoa, but converted the eggs to be 
acceptable against heterologous spermatozoa. 
The Hemicentrotus eggs fertilized by Glryptocidaris spermatozoa in Glryptocidaris 
egg water were inhibited in fertilization membrane elevation, forming the tight 
membrane. When Hemicentrotus eggs were exposed to pancreatin sea water 
solution for a few minutes and then inseminated with Glyptocidaris sperm, the eggs 
were fertilized in high percent and formed the tight membrane (K YOZUKA and 
0SANAI 1979). These facts suggest that the egg water and pancreatin destroy the 
species-specific barrier preventing heterologous spermatozoa, which located on the 
vitelline layer. It is obscure whether Glryptocidaris egg water has a protease 
activity, but it is ascertained that the egg water will modify partially the structure 
of the vitelline layer which is one of the precursors of the fertilization membrane. 
In the crosses between Paracentrotus lividus eggs and Arbacia lixula sperm and 
between H<Jmicentrotus pulcherrimils eggs and Pseudocentrotus depressus sperm 
cross fertilization was promoted in the presence of egg water homologous with sperm 
(!IA:RDING and !IA:RDING 1952, AKETA and 0HTA 1977). The cross fertilization of 
POJracentrotus eggs was further improved in Arbacia egg water added with periodate 
or glycine (!IA:RDING and !IA:RDING 1952). These reagents were known as fertiliza-
tion promoters or as factors improving fertilization membrane ele~ation (RuN-
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NSTROM et al. 1959, 0SANAI 1977). Arbacia egg water seems also to modify the 
vitelline layer. 
Cross fertilization of H emicentrotus eggs was improved in Glyptwidaris egg 
water, while that of Glyptocidaris eggs was not in Hemicentrotus egg water. This 
shows a difference in cross fertilization-promoting activity in egg waters. Jelly 
coasts of Glyptocidaris eggs were easily hydrated in sea water and tended to form 
viscous solution, while Hemicentrotus jelly coats remained for a considerable 
long time as a solid layer. Though Hemicentrotus egg water induced remarkable 
aggregation of homologous spermatozoa, Glyptocidaris egg water hardly induced 
this reaction. These findings suggest that Glyptocidaris egg water may differ 
somewhat on physiological activity from Hemicentrotus egg water. 
This work was supported in part by the grant 148019 from the Japan lVIinistry of 
Education, Science and Culture. 
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